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POLYHALOGENATED ETHERS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional application which claims
the benefit of application Ser. No. 10/357,364, filed Feb. 4,
2003 now U.S. Pat. No. 6,936,722. The disclosure of the prior
application is hereby incorporated herein by reference in its
entirety.

The present invention relates to (per)haloethers, the pro-
cess for their preparation and perfluorooxyalkyl hypofluorites
usable in the synthesis of said (per)haloethers.

It is generally stated in the prior art that (per)haloethers,
obtained by reacting perfluoroalkyl hypofluorites with (per)
halo-olefins, can be used as such or for the preparation of
perfluorovinylether monomers. See for example patents U.S.
Pat. No. 5,877,357 and EP 683,181. Said monomers are
usable in the fluoroelastomer and fluoroplastomer synthesis.

The reaction between the hypofluorite and a (per)haloole-
fin for the preparation of (per)haloethers is carried out by
flowing a gaseous phase, containing the hypofluorite, in the
liquid phase containing the (per)halo-olefin at low tempera-
ture. See U.S. Pat. No. 5,225,576. To obtain high yields of the
sum reaction, it is necessary to work at low temperature.
There is however the drawback that an even partial conden-
sation of the hypofluorite can take place before it comes into
contact with the olefin. This leads to the hypofluorite decom-
position and therefore it can lead to violent explosions. For
example, the hypofluorite CF,CF,CF,OF having molecular
weight 204 has a boiling point of —9° C. (Journal of fluorine
Chemistry, Vol. 95 (1999) 29) and it can easily condensate at
the temperatures used in the (per)haloether synthesis. At tem-
peratures lower than -30° C. the process of the above patent
is applicable only to hypofluorites having a low boiling point,
i.e., having 1 or 2 carbon atoms in the chain.

Alternatively to the above process, it is known in the prior
art that (per)haloethers can be obtained by dissolving the
hypofluorite in a suitable halogenated solvent and by adding
the solution to the (per)halo-olefin, as for example described
in U.S. Pat. No. 4,900,872. From the Examples of said patent
the yields are high when perfluooroalkylhypofluorites having
in the chain two carbon atoms are used as hypofluorites.
When 1-chloropertluoroethyl hypofluorite is used, the yields
are lower than 30%. Hypofluorites different from (per)fluo-
roethyl hypofluorites having two carbon atoms are not exem-
plified. Besides, according to the teaching of said patent, the
hypofluorite is synthesized in gaseous phase at low tempera-
ture and subsequently is dissolved in an inert solvent up to a
concentration of 50% by weight at most.

U.S. Pat. No. 4,906,770 describes hypofluorites of formula
Rf*OCF,OF and FOCF,OR{*OCF,OF, wherein Rf* is a pet-
fluoropolyether radical even having a high molecular weight,
and the respective addition products with olefins. The process
for preparing said hypofluorites includes a peroxide fluorina-
tion reaction with UV light at tempertures between —60 and
30° C. From the Examples the reaction times are very high.
The conversions to hypofluorite, when they are complete,
determine low hypofluorite yields. Besides the use of the UV
light is expensive in an industrial process.

Patent application EP 754,670 describes hypofluorites of
formula FC(0)-Rf*-CF,OF, wherein Rf* is a (C,-C,,) per-
fluoroalkyl or perfluorooxyalkyl chain having molecular
weight in the range 100-2,000. The Examples of said patent
relate to the hypofluorite synthesis and the sum reaction with
olefins is never mentioned. The Applicant has shown, see the
comparative Examples, that by using the compounds
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2
CF,CF,CF,—OF and CF,0—CF(CF;)—CF,0F, which
have a structure similar to the products of said Examples, the
yields of the addition reaction with fluoroolefins are very low.

U.S. Pat. No. 4,827,024 describes C,-C,,, fluoroalkyl or
oxyfluoroalkyl hypofluorites. No Example of addition of the
hypofluorite to the olefin is mentioned. Among the exempli-
fied compounds there are hypofluorites having more than two
carbon atoms. The Applicant has shown that said hypofluo-
rites give the sum reaction with (per)halo-olefins with very
low yields (see comparative Examples).

U.S. Pat. No. 4,801,409 describes the preparation of bis
hypofluorites of general formula FOCF,-Rf>-CF,OF in gas-
eous phase. Rf® is a perfluoroalkylene or perfluorooxyalky-
lene. The sole reported Example of hypofluorite having a
number of carbon atoms higher than two is hypofluorite hav-
ing three carbon atoms. Tests carried out by the Applicant
have shown that with said hypofluorites very low yields of
addition to olefins are obtained.

From the prior art the hypofluorite synthesis with a number
of'carbon atoms higher than two is carried out at temperatures
from 0° C. to 60° C., in particular at 20° C. in gaseous phase
to avoid possible condensation risks and therefore explo-
sions. Furthermore one works at very high dilutions of the
acylfluoride precursor. See U.S. Pat. No. 4,801,409.

The technical problem that the present invention intends to
solve refers to the synthesis with high yields of (per)haloet-
hers, wherein hypofluorites having a number of carbon atoms
higher than 2 are used. The data reported in the prior art
relating to the use of (per)filuoroalkyl hypofluorites having a
number of carbon atoms higher than two are very poor and
anyhow they give very low yields of addition to olefins (see
comparative Examples). This is due to the fact that said com-
pounds cause explosions and are difficult to handle. See U.S.
Pat. No. 4,900,872.

As a matter of fact it is known that linear perfluoroalkyl
hypofluorites having a number of carbon atoms higher than
two have poor stability and tend to decompose very easily
even with very violent reactions. See for example Adv. Fluo-
rine Chem. 7 (1973) 175-198; Explosive Incident report N°
189, Armed Services Safety Board, Washington, D.C.; Chem.
& Engin. 1 Mar. 1965.

The need was felt to have available (per)haloethers obtain-
able from hypofluorites having a number of carbon atoms
higher than two by a process having high yields and without
explosion danger, utilizing hypofluorites even having a high
molecular weight. Said (per)haloethers are usable for the
preparation of (per)fluorovinylether monomers, which as
known, are highly required in the preparation of fluoropoly-
mers, for example elastomeric fluoropolymers.

An object of the present invention are (per)haloethers hav-
ing formula (I)

X-(Rf);-O—CF,CF,—0—CX,X,—CFX3X, O
wherein:

X5 X5, X5, X, have the following meanings:

1) independently each from the other, they are F, H, Cl or
Br; preferably F, H, Cl; more preferably.:

X,=F and X,=Cl, X,=F and X,=Cl;
X,=F and X,=Cl, X,=F, X,=H;
X,=X;—H and X,—X_,=C],
X,=X;=X,=Cl and X,=H;

2) one of X, or X,, and/or one of X; or X, is/are chosen
from the following groups: —COOR®,,, wherein R ,, is
C,-C; alkyl; —OC(O)CH;; —CN; —NCO; —NCS;
aryl, substituted and non substituted, when substituted
the substituent is NO,; —NH—C(O)—NH,; —OC(O)
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2CH;: —P(O)(CeHs); —P(0),(CHs)p: —SO,F; pref-

erably the groups are the following: —COOR',,, —CN,

NCO, NCS, aryl as above defined, —SO,F;

whereas the remaining substituents of the group of X,
X5, X5, X, have the meanings as defined under 1);

3) one of X, or X,, and/or one of X; or X,, is/are chosen
from the following groups:

3)a. C,-C,,, preferably C,-Cs, linear or branched per
(halo)fluorinated alkyl, preferably (per)fluoroalkyl;

3)b. C,-C,,, preferably C,-Cs, linear or branched per
(halo)fluorinated oxyalkyl, preferably (per)fiuo-
rooxyalkyl;
wherein when the alkyl is per(halo), there are one or

more atoms of Cl and/or Br;

3)a. and 3)b. preferably each contain one or more
functional groups chosen from those indicated in 2)
and/or from fluorinated or hydrogenated organic
anhydrides chosen from the group of linear anhy-
drides of organic C,-C, mono-carboxylic acids or
cyclic anhydrides of C,-Cg dicarboxylic acids,
within the anhydrides preferably cyclic anhydrides
of C,-C, dicarboxylic acids;

3)c. C,-C,,, preferably C,-C,, linear or branched alky]l,
optionally containing one or more functional groups,
chosen between those indicated above under 3),
excluding fluorinated organic anhydrides;

wherein the remaining substituents of the group of X,
X,, X3, X, have the meanings as defined under 1);

4) one of X, or X,, together with one of X; or X, and the
two carbon atoms of the group —CX,X,—CFX,X,
form cyclic fluorinated or hydrogenated anhydride or
imide compounds, containing in the ring 4-6 carbon
atoms, preferably 4 carbon atoms,
wherein the remaining substituents between X, or X,

and between X; or X,, have the meanings as defined

under 1);

4a) X; and X, together with the relevant carbon atom to
which they are attached, form a cyclic anhydride ring
having 4 carbon atoms; X, and X, have the meanings as
defined under 1);

X has the following meanings:

F, linear or branched C, -C, per(halo)alkyl; preferably (per)
fluoroalkyl, wherein optionally one fluorine atom is sub-
stitted  with one  chlorine atom; —[O]
CF,CF,0CX,X,—CFX,X,, —[O],CF,C(O)F,
wherein

T=0 when L=1 and Rf=Rf" as defined below;

T=0 when L=0;

T=1 when L=1 and Rf=R{" as defined below;

when L=1 and Rf=R{f as defined below, X can be also a
C,-Cs perfluoroxyalkyl;

L=0,1;

when [=0, from the X meanings the following are
excluded:

F;

—[0O],CF,CF,0CX, X,—CFX,X, being T=0, X,—F,
X2:C1, X3:F, X4:C1;

C,-C; perfluoroalkyl when X,—F, X,—Cl, X;—F and

X 4:C1;
when L=1, Rf=Rf'or Rf"; being
Rf=C,-C,, perfluoroalkylene;

Rf"=perfluorooxyalkylene having formula:

—(OCF,CF,),,(OCF,),(OCF,CFCF3),(OCFCF;),

(OCF,CF,CF,),— ™

wherein m, n, p, q, r are integers such that:
m is comprised between 0 and 100, extremes included;
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4

n is comprised between 0 and 100, extremes included;
p is comprised between 0 and 60, extremes included.;
r is comprised between 0 and 60, extremes included;
q is comprised between 0 and 60, extremes included;

mAn+p+r+g=1;

the number average molecular weight of Rf" being from
66 to 12,000 preferably from 66 to 3,000.
Preferably when Rf=Rf", the perfluorooxyalkylene has the
following formula:

—(OCF,CF,),,(OCF,),— (VD

wherein m and n independently from each other have the
above values, preferably from 0 to 20; when both m and n are
present, m/n ranges from 0.1 to 6.

The preferred (per)haloethers of formula (1) are the follow-
ing:
CF,,CF,0—CF,CF,—0—CHCI—CFClLy;

CF3;0CF,0—CF,CF,—O—CFCI—CF,Cl;
CF;0CF,CF,0—CF,CF,—O—CFCl—CF,Cl;
CF30CF,0CF,0—CF,CF,—0—CFCI—CF,Cl;

CF;0—CF,CF,—0—CHCl—CHFCl; CF;0—
CF,CF,—O—CHCI—CFCly;

CF,CF,0—CF,CF»—O—CHCl—CHFCI;

CF;0CF,0—CF,CF,—O—CHCI—CHFCI; CF,0—
CF,CF,—O—CHCI—CFCl;

CF;0CF,0—CF,CF,—O—CHCl—CHFCI;

F(O)CCF,—0—CF,CF,—O—CFCl—CF,Cl; F(O)
CCF,—0—CF,CF,—O—CHCl—CHFCI;

F(O)CCF,—OCF,0—CF,CF,—0—CFCl—CF,Cl;
F(O)CCF,—OCF,0—CF,CF,—0—CHCl—CFCl,;

F(O)CCF,—OCF,CF,0—CF,CF,—0—CFCl—
CF,Cl;

F(O)CCF,—OCF,0CF,CF,0—CF,CF,—O—
CFCl—CF,Cl;

F(O)CCF,—OCF,CF,0CF,0—CF,CF,—O—
CFCl—CF,Cl;

CHFCICHCIO—CF,CFy—O—CF,CF,—0—
CHCl—CHFCI;

CF,CICFCIO—CF,CF,—OCF,0—CF,CF,—0O—
CFCI—CF,Cl;

CF,CICFCIO—CF,CF»—OCF,CF,0—CF,CF,—
O—CFCl—CF,Cl;

CF,CICFCIO—CF,CF»—OCF,0CF,CF,0—
CF,CF,—O—CFCl—CF,Cl;

CFCL,CHCIO—CF,CF,—O0—CF,CF,—O—CHCl—
CFCly;

CFCL,CHCIO—CF,CFy—OCF,0—CF,CFy—O—
CHCl—CFCL,;

CFCl,CHCIO—CF,CF,—OCF,CF,0—CF,CF,—
O—CHCI—CFCly;

CFCl,CHCIO—CF,CF,—OCF,0CF,CF,0—
CF,CF,—O—CHCI—CFCl,;
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CF30—(CF,CF,0),,(CF>0),—CF,C(O)F;
CF3CF,0—(CF,CF,0),,(CF,0),—CF,C(O)F;
CF,CF,CF,0—(CF,CF,0),,(CF,0),—CF,C(O)F;
(CF3),CFO—(CF,CF,0),,(CF,0),—CF,C(O)F;

CF30—(CF,;)CFO—(CF,CF,0),,(CF,0),—CF,C(0)

CF30—(CF,CF,0),,(CF,0),—CF,CF,0CH,CFj;

F(O)CCF,0—(CF,CF50),,(CF,0),—
CF,CF,OCH,CFj;

F3CCH,OCF,CF,0—(CF,CF,0),,(CF,0),—
CF,CF,0CH,CF;;

CF,0—(CF,CF,0), (CF,0),—
CF,CF,0CH,CHFCOOMe;

F(O)CCF,0—(CF,CF,0),,(CF>0),CF>—
CF,0CH,CHFCOOMe;

MeOCOCHFCH,OCF,CF,0—(CF,CF,0),,(CF0)
—CF,CF,OCH,CHFCOOMe;

CF30 —(CF>CF>0)m(CF>0),—CF>CF>,OCH—-CHF;

(0)C-0-C(0)
F(O)CCF,0— (CF2CF,0)(CF0),— CE,CF,0CH — -CHE;

(0)C-0-C(0)
FHC---CHOCF,CF,0 = (CF,CFy0),(CF,0),— CF,CF,0CH—-CHEF:

(0)C-0-C(0) (0)¢-0-C(0)

wherein: m/n=4.3 and MW of the perfluorpolyether chain
—(CF,CF,0),,(CF,0),— is 620.

The invention products of formula (I) are usable for the
preparation of vinylethers, when at least two end carbon
atoms are dehalogenable or dehydrohalogenable. Therefore
the substituent groups X, X,, and respectively X; and X, of
the carbon atoms in terminal position of the (per)haloether,
must be such that it is possible to carry out a dehalogenation
or dehydrohalogenation. This preferably takes place when at
least one of X, or X, are H, Cl, Brand at least one of X; or X,
is H, Cl, Br. For the dehalogenation one of X, or X, and
respectively of X or X, must be equal and selected between
Cl and Br. For the dehydrohalogenation at least one of the
substituents between X, and X, or between X; and X, is H,
and at least one of the substituents X, or X, when His X, or
X,,or X, and X, when H is X; or X, is Cl or Br. vinylethers
can, therefore, be obtained from the formula (I) compounds,
as said, having respectively the following end groups:

—CF,—COF and the other end group unsaturated;

both end groups unsaturated;

one end group unsaturated and the other (per)haloalkylic.

As said, these products are used as vinylethers, in the
polymerization of fluorinated monomers to give fluoropoly-
mers.

When the substituents X, X,, X, X, are such as not to be
comprised in the above conditions, whereby it is not possible
to carry out the dehalogenation or the dehydrohalogenation,
the formula (I) products are used as additives for polymers,
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6

solvents, refrigerants, surfactants, etc. When at least one of
X, X5, X5, X, is equal to H said products have a low envi-
ronmental impact.

Furthermore when one operates with a partial fluorination
of the starting diacylfluoride and subsequent addition of the
formed hypofiuorite to a pertluorinated or perfluoropolyether
olefin the process of the invention allows to obtain mono-
carbonylic (per)fluorinated products. (See the Examples).

When the used olefins contain one or more functional
groups as above described in 2) and 3), (esters, cyano, amides,
—SO,F, isocyanates, isothiocyanates, aryls, optionally sub-
stituted, anhydrides, phosphine oxides —P(O)(C,Hs), or
phosphonates —P(0),(CzHs), the obtained (per)haloether
products can be used as surfactant compounds, for treatment
of surfaces (oil and water repellents) and additives.

A further object of the present invention is a process for
obtaining the formula (I) (per)haloethers, excluding only the
case when =0 X is different from F, comprising the follow-
ing steps:

a) synthesis of the formula (II) hypofluorite

X'-(Rf),;-O—CF,CF,—OF an

wherein:

X' has the following meanings:

F, linear or branched C,-C; per(halo)alkyl; preferably per-
fluoroalkyl, wherein optionally one fluorine atom is sub-
stituted with one chlorine atom; or

—|0O],CF,CF,0F, —[0O],CF,C(O)F, wherein T=0 when
Rf=Rf" as above; T=1 when Rf=Rf" as above; T=0 when
L=0;

L=0,1;

when L=0 then X' is different from F and from —CF,—
CF,OF;

when L=1 Rf=Rf or Rf"; being Rf=C, -C,, perfluoro-
alkylene and Rf"=perfluorooxyalkylene having for-
mula (V) as above, more preferably having formula
(V) as above, the number average molecular weight
of Rf" being from 66 to 12,000

when =1 and Rf=R{f', X'is also C, -C, perfluoroxyalkyl;

by fluorination of an acylfluoride of formula (IIT)

X'-(Rf);-O—CF,—C(O)F (1)

wherein X', [ and Rfhave the above meanings, at tempera-
tures between —100° and +50° C., preferably between
-80° and +20° C., in the presence of a catalyst, or mix-
tures of catalysts, having general formula MeF,.zHF,
wherein Me is an alkaline or alkaline-earth metal, or
silver; y is 1 or 2, depending on the metal valence, z is
zero or ranges from 0.5 to 4, preferably z=0 or 1;

in absence or in the presence of inert, liquid or gaseous
diluents;

b) reaction of the hypofluorites (1) with (per)halo-olefins of
formula

CX,X,—CX,X,, (VID)

wherein X |, X,, X5 and X, are as above, at a temperature in
the range from 0° C. to 120° C., preferaably from -60°
C. to -110° C., in absence or in the presence of inert,
liquid or gaseous diluents.

Examples of olefins that can be used in the process of the
present invention are for instance the following:
CFCI=CFCl; CHCI—CHCI; CHCI—CCl,; CH,—CF,;
CFH—CFCl; CF,—CF,; CF,—CF—CF;; CF,—CF—
OCF,;; CF,—CF—OCF,CF;; CF,—CF—OCF,CF,CFj;
CF,—CFOCF,CF,SO,F, CF,—CFOCF,0CF,C(O)F,
CF,—CFOCF,0CF,COOMe, methyl or ethyl esters of (met)
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acrylic acids, CH,—CH—O—C(O)CH;; CH,—CH—
CH,—O—C(O)CH,, CH,—CH—CH,—Ar, CH,—CH—
Ar, CH,—CH—CN, CH,—CH—CH,COOMe,
CH,—CH—CH,C], dimethyl or diethyl esters of maleic or
fumaric acid, maleic anhydride, itaconic anhydride.

The process according to the present invention can be
carried out in a discontinous, semicontinuous or in a continu-
ous way.

The discontinuous and semicontinuous processes imply
the use of a sole reactor, wherein the fluorination and addition
reactions (one pot reactions) are carried out.

When one operates in a discontinuous or semicontinuous
way, in step b) preferably the olefin is added to the hypofluo-
rite.

The continuous process implies the use of two separate
reactors wherein the fluorination and the addition reaction to
the olefin are respectively carried out.

With the processes in a discontinuous, semicontinuous and
continuous way, preferably the hypofluorite concentration in
the added inert, liquid or gaseous diluent, such as for example
those mentioned below, is higher than 50% by weight, pref-
erably higher than 70% by weight, still more preferably one
works in absence of inert diluent, to avoid the above men-
tioned drawbacks of the prior art.

The fluorination reaction for preparing the hypofluorite
step a) can be carried out in excess or in defect of fluorine with
respect to the acylfluoride, at temperatures in the range from
-100° to +50° C., preferably from —80° to +20° C., in absence
or in the presence of a diluent inert under the reaction condi-
tions. The diluents mentioned below, for example, C;F,, C,F,
(cycle), C;FO(ether), CF;0—(CF,),—CF;, N,, CF,, C,Fq,
perfluoropolyethers, for example Galden® HT 55, can be
used.

The formula (IIT) acylfluorides can be prepared by synthe-
sis of the peroxidic raw product and subsequent reduction to
obtain perfluoropolyether components having end acylfluo-
rides. The peroxidic raw product synthesis is carried out by
oxidative polymerization of fluoroolefins, in particular C;F
and/or C,F, with oxygen at low temperature, in the presence
of UV light or of a radical initiator, as for example described
in patents GB 1,189,337, GB 1,104,482, U.S. Pat. No. 3,683,
027, U.S. Pat. No. 3,175,378, U.S. Pat. No. 5,149,842, U.S.
Pat. No. 5,258,110, U.S. Pat. No. 5,488,181. The peroxidic
raw product reduction is carried out with hydrogen on a
suitable catalyst containing palladium to give perfluoropoly-
ether products with acylfluoride end groups, for example as
describedin U.S. Pat. No. 3,847,978, U.S. Pat. No. 6,127,498.
Alternatively perfluoropolyether products having acylfluo-
ride end groups can be obtained by fluoroolefin photooxida-
tion in the presence of a chain transfer agent as described in
U.S. Pat. No. 5,143,589. Besides U.S. Pat. No. 4,460,514
describes the preparation of oligomers (OCF,) having
—OCF,—COF end groups.

The acylfluorides are obtainable also by electrochemical
fluorination of the corresponding carboxylic acids, according
to known methods of the prior art. Said process is applicable
also for the acylfluorides wherein Rf=Rf'.

The catalysts used in step a) are known in the priorart. U.S.
Pat. No. 4,827,024, U.S. Pat. No. 4,499,024, EP 754,670,
Ruff J. K. et Al,, J. Am. Chem. Soc. 88: 19 (1966) pp. 4531-
4532, Lustig et Al., J. Am. Chem. Soc. 89: 12 (1967) pp.
2841-2843; Hohorst A. et Al., J. Am. Chem. Soc. 89: 8 (1967)
pp- 1809-1810 can be mentioned. As an example the follow-
ing can be mentioned: LiF, NaF, KF, CsF, KHF,, AgF. Said
catalysts can be used as such or mixed among each other.

The fluorination reaction can be carried out at a pressure
equal to or higher than the atmospheric pressure, for example
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8

up to 2 atmospheres, and it takes place with very short contact
times. The conversion of the reactant in defect, with respect to
the equimolar stoichiometry between acylfluoride equiva-
lents and F, fluorine moles, is complete and the hypofluorite
fluorination yield, calculated with respect to the reactant in
defect, is very high, generally higher than 95%.

With inert diluents usable in the present invention process
are meant liquid or gaseous compounds inert under the reac-
tion conditions. In particular inert diluents, also usable in step
b), are for example C,F,, C,Fscycle, C,F O (ether), (per)
fluoropolyethers, for example Galden® HT 55 (perfluo-
ropolyether solvent having b.p. 55° C.), a,w-dihydrofluo-
ropolyethers, preferably the boiling point of the (per)
fluoropolyethers and a,w-dihydrofluoropolyethers is in the
range from 30° C. to 300° C., CHCl,—CF,, CF;—CH,F,
CF,CF,ClL

In the discontinuous process a single addition is made of
the required amount of fluorine to the suspension containing
the catalyst and acylfluoride, at the above temperatures from
-80° C. to +20° C. The subsequent fluorination reaction takes
place with total conversion of the acylfluoride. After elimina-
tion of the unreacted fluorine, the (per)haloolefin is added to
the hypofluorite, in absence or in the presence of the above
diluents, at temperatures preferably in the range from -110°
C. to -60° C., to obtain the final (per)haloether component.

In the discontinous process according to the present inven-
tion the two consecutive reactions of the acylfiuoride fluori-
nation and of the olefin addition to the hypofluorite, are car-
ried out in a sole reactor, by alternating the fluorine feeding
with that of the olefin. In the reactor the catalyst based on
fluoride metal necessary in the first fluorination phase is
always present. The catalyst used in the present invention
process is inert under the conditions of the hypofluorite addi-
tion reaction to the (per)halo-olefin. After the last olefin addi-
tion the reaction product is separated from the catalyst and
from the optional reaction solvent, by using known separation
methods, such for example filtration, distillation or stripping
under vacuum.

Theyields of the addition reaction to (per)halo-olefins, also
in absence of diluent, are high, generally in the range 50%-
90% calculated with respect to the hypofluorite.

The semicontinuous process implies that the fluorination
reaction be carried out at the above temperatures, by flowing
gaseous fluorine, optionally diluted with an inert gas such as,
for example, nitrogen, helium, CF,, C,F,, C,F,, in the sus-
pension containing the catalyst and the acylfluoride, until
obtaining an acylfluoride conversion percentage from 1% to
80%, preferably from 5% to 60%. The fluorine conversion is
complete. When the fluorine addition is over, the (per)ha-
loolefin is added to the suspension containing the hypofluo-
rite, the catalyst and the unreacted acylfluoride, at a tempera-
ture from 0° C. to —120° C., preferably from -60° C. to -110°
C., until to a complete hypofluorite conversion. The olefin can
be added as such or dispersed in a liquid or gaseous diluent,
selected from those above mentioned for the addition reac-
tion. When the olefin addition is ended, one proceeds with a
further fluorination reaction with conversion of other
acylfluoride to hypofluorite, followed by a second addition of
olefin. The sequence of the fluorination and addition reactions
is repeated until obtaining the complete acylfluoride conver-
sion. The addition yields to the (per)haloolefins, also in
absence of the inert diluent, are very high, generally in the
range 50%-90% calculated with respect to the hypofluorite.

The advantage of the semicontinuous process resides in
that a sole reactor is used, eliminating the hypofluorite trans-
fer from the fluorination reactor to that in which the addition
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reaction takes place, which as said can give rise to decompo-
sition phenomena. Also in absence of reaction solvent the
addition yields are high.

In the continuous process two separate reactors are used. In
the first reactor (reactor 1) the acylfluoride fluorination reac-
tion takes place, in the second reactor (reactor 2) the addition
to the (per)halo-olefin. In the fluorination the conversion of
the reactant in defect is complete with respect to the equimo-
lar ratio between acylfluoride equivalents and fluorine moles.
The hypofluorite fluorination yield, calculated with respect to
the reactant in defect, is very high, generally higher than 95%.

When in the fluorination step a) of the continuous process
the reactant in defect is fluorine, the reaction is preferably
carried out in absence of diluents, both liquid and gaseous;
when the reactant in defect is the acylfluoride (fluorine in
excess), or when the reactants are introduced in stoichiomet-
ric amounts, it is preferred to operate in the presence of an
inert diluent, selected for example from those above indicated
for the fluorination reaction.

The formed hypofluorite, and the optional unreacted
acylfluoride are fed to the reactor 2. In the latter reactor,
besides the mixture containing hypofluorite and acylfluoride,
the (per)halo-olefin is introduced in a continuous way at the
pure state, or diluted with a suitable inert, gaseous or liquid
diluent, selected from those indicated above for the addition
reaction.

In step b) of the continuous process the ratio between the
equivalents of hypofluorite/hour (eq. —OF/h) and the equiva-
lents of olefin/hour (eq. olefin/h) which are contemporane-
ously introduced into the addition reactor is from 0.5 to 2.0,
preferably from 0.8 to 1.2.

The reaction raw product, containing the unreacted
acylfluorides and the addition product, is continuously recov-
ered from the bottom of the reactor 2 and fed to the fluorina-
tion reactor 1 wherein the still present acylfluorides are flu-
orinated to hypofluorites with elemental fluorine, then fed
again to the addition reactor.

With the continuous process the complete acylfluoride
conversion into the corresponding (per)halo-ether is
obtained. It is collected as liquid in the addition reactor and
optionally purified by simple distillation.

Even in absence of inert diluents, the addition yields of
hypofluorites to (per)halo-olefins, calculated with respect to
the hypofluorite, are very high, generally in the range 50%-
90%.

In the continuous process one preferably operates in step a)
with fluorine in defect, still more preferably in absence of
inert diluents, with very good productivity of the (per)halo-
ethers. In particular said result is obtained also by using
hypofluorites having a high boiling point.

The reaction solvent absence allows to obtain the following
advantages:

to eliminate the environmental dangers connected to the

solvent use;

to recover the reaction products avoiding high distillation

volumes;

to reduce the plant operating costs.

The present invention process comprising the hypofluorite
synthesis and the addition reaction with (per)halo-olefins is
particularly advantageous for the hypofluorites having a boil-
ing point higher than -10° C.

As it has been seen, in the prior art using said hypofluorites
for obtaining (per)haloethers, it is difficult to avoid partial or
total condensation phenomena ot hypofluorites, in correspon-
dence of which, as said, very exothermic undesired decom-
position reactions can take place, reducing drastically the
(per)haloethers yields.
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A further object of the present invention are hypofluorites
of formula (II), wherein =1, Rf is as defined, X' has the
following meanings:

F, linear or branched C,-C; per(halo)alkyl; preferably per-
fluoroalkyl, wherein optionally one fluorine atom is sub-
stituted with one chlorine atom; or

—[O],CF,CF,OF,
wherein T=0 when Rf=R{f" as above defined; T=1 when

Rf=R{" as above.

The preferred hypofluorites are the following:
CF,0OCF,OCF,CF,0F, CF,OCF,CF,0CF,CF,O0F,
CF,CF,OCF,CF,0F, CF,CF,0OCF,CF,OCF,CF,OF
CF,0CF,OCF,0OCF,CF,OF,
CF,0CF,OCF,CF,0CF,CF,O0F,
CF,0CF,CF,0CF,0CF,CF,O0F,
FOCF,CF,0CF,0CF,CF,O0F,
FOCF,CF,OCF,CF,OCF,CF,OF,
FOCF,CF,0OCF,0CF,CF,0OCF,CF,OF,
FOCF,CF,0OCF,0CF,OCF,CF,OF,
FOCF,CF,0CF,CF,0OCF,CF,OCF,CF,OF.

As said, the hypofluorites of the present invention, used
according to the above process, allow to obtain high yields in
(per)haloether products by addition to (per)haloolefins.

This is surprising since hypofluorites having a different
structure, for exampale having the carbon atom in beta posi-
tion with respect to the hypofluorite oxygen substituted with
a CF; group, or having the hypofluorite oxygen linked to a
linear perfluoroalkyl chain with at least three carbon atoms,
react with (per)halo-olefins with very low yields in the addi-
tion products (see comparative Examples). It is furthermore
surprising that the present invention hypofluorites, which can
also have a number of carbon atoms in the chain higher than
two, are capable to react with the fluoroolefins with good
yields, contrary to the teachings of the prior art.

The following Examples illustrate the invention without
limiting the purpose thereof.

EXAMPLE 1

Preparation of the CsF Catalyst

The CsF catalyst, finely milled in an inert atmosphere, is
fed to the reactor and dried under a gas stream inert at the
temperature of 200°-250° C. for two hours. The so anhydri-
fied catalyst is subsequently fluorinated at 400 mbar (4x10*
Pa) of fluorine at the temperature of 150° C. for 2 hours, then
the fluorine is stripped under vacuum before being used.

EXAMPLE 2

Test in a discontinuous way according to the invention
process carrying out the synthesis of the bis-hypofluorite of
formula FOCF,CF,0—(CF,CF,0),,(CF,0),—CF,CF,OF
(1) by using the CsF catalyst and fluorine in excess with
respect to the starting acylfluoride.

0.90 g of CsF catalyst prepared as described in Example 1
areintroduced in a 10 ml metal reactor, equipped with internal
thermocouple.

Then by operating under inert atmosphere (dry-box) 2
mmoles of diacylfluoride of formula

F(O)CCF,0—(CF,CF,0),,(CF,0),—CF,C(O)F (2-A)
having number average MW 460 are introduced; m/n=4.50
and having a functionality in —COF end groups 1.82 and
functionality in —CF,CF; end groups 0.18, prepared as from
the method described in U.S. Pat. No. 5,258,110 and U.S. Pat.
No. 3,847,978.
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After cooling in liquid nitrogen, and removal by stripping
of the possible uncondensable products under vacuum, 5.47
mmoles of fluorine are added. The reaction mixture is brought
to —=10° C. and it is let react for 4 hours. It is cooled at -196°
C. and 1.70 mmoles of unreacted F, are recovered and elimi-
nated. The reaction mixture is brought to —105° C. and after
having condensed 3 mmoles of perfluoropropane (C,Fy),
5.47 mmoles of CFCI—CFCI are slowly added maintaining
the temperature at —105° C. When the addition is over, the
reaction mixture is left at —105° C. for 1 hour, then brought to
the temperature of =70° C. The volatile products are removed
by water pump and the reaction mixture is recovered in C.F.
The '°F-NMR and GC/MS analyses show the complete dis-
appearance of the initial —COF end groups.

The absence of the starting acylfluorides in the final reac-
tion mixture, besides confirming the fluorine balance
obtained in the fluorination, shows that under these experi-
mental conditions the acylfluoride conversion into the corre-
sponding hypofluorites is quantitative.

The formed hypofluorite has the following formula:

FOCF,CF,0—(CF,CF,0),,(CF,0),—CF,CF,OF (1
wherein m and n are as above defined.

On the basis of the analysis, at the end of the process the
formed perfluoropolyether compounds have the following
end groups:

—OCFCICF,Cl, deriving from the reaction of the olefin
CFCl—CFCl with the end —OF functions of the hypof-
luorite of formula (1), with 83% yield with respect to the
moles of the initial acylfluoride;

—OCF;, deriving from the decomposition of the
—CF,CF,OF end groups of the hypofluorite (1), with
contemporaneous formation of COF,. Yield of —OCF;
end groups: 17%, calculated as above.

By GC/MS and GC analyses the following products have

also been identified and quantified in the mixture of the reac-
tion products (as % molar):
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starting from a diacylfluoride having a higher molecular
weight, homologue of that used in Example 2 and prepared
according to patents mentioned therein, having the following
characteristics: molecular weight 620, m/n=4.30, functional-
ity in—COF end groups=1.82, functonality in—CF,CF; end
groups=0.18.

The fluorination and addition reactions of the olefin are
substantially carried out as described in Example 2.

Table 1 shows that by operating in excess of fluorine, as in
the Examples 2-2C and 3-3B, the conversion of diacylfluoride
into bis-hypofluorite is quantitative and the olefin addition
yields are high.

EXAMPLE 4

Test in a discontinuous way according to the invention
process wherein the synthesis of the bis-hypofluorite (1) is
carried out by partial fluorination of the corresponding dia-
cylfluoride on CsF catalyst.

2 mmoles of diacylfluoride of formula

F(O)CCF,0—(CF,CF50),,(CF,0),—CF,C(O)F

having number average MW 620 are introduced in a 10 ml
metal reactor, equipped with internal thermocouple contain-
ing the CsF catalyst (0.90 g), by operating likewise as in
Example 2; m/n=4.30, functionalaity in —COF end groups
1.82, functionality in —CF,CF; end groups 0.18, prepared as
indicated in patents reported in Example 2.

After cooling in liquid nitrogen, the possible uncondens-
able products stripped, 2.50 mmoles of fluorine are added and
the reaction mixture is left at —10° C. for 4 hours. At the end
of the fluorination it is found that the fluorine conversion is
complete.

At the temperature of —=105° C., after having condensed 3
mmoles of perfluoropropane (C,Fg), 3.5 mmoles of
CFCI=—CFCl are slowly added. When the addition is over, the

a)  CICF,CFCIOCF,CF,0—(CF,CF,0),(CF,0),—CF,CF,0CFCICF,Cl

b)  CF;0—(CF,CF,0),,(CF>0),—CF,CF,0CFCICF,Cl
¢)  CF;0—(CF,CF,0),,(CF,0),—CF,

70%;
27%;
3%.

The reaction products are separated by fractional distilla-
tion.

Characterization:

!F.NMR of the reaction mixture:

19F-NMR spectrum in ppm with respect to CFCl, on the
mixture (ppm=0):

517, -553 (2QF—OCF,0—); -562 (F C
F,OCF,CF,0—); -57.8 (3F CF,0CF,0—); ~71.0 (2F—
CE,C1); -76.5 (IF—CFC1), -87.5 (3F CF,CF,0—); 88 4,
907 (4F —OCF,CF,0—). -

Example 2 has been summarized in Table 1.

EXAMPLES 2A-2C

Likewise Example 2, the Examples 2A and 2C have been
performed and have been summarized in Table 1.

EXAMPLES 3-3B

In these Examples, which have been summarized in Table
1, the process according to the present invention is carried out
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reaction mixture is left at —105° C. for 1 hour, then brought to
the temperature of =70° C. The volatile products are removed
by water pump.

The reaction products are then recovered in C.F,.
The '*F-NMR analysis shows that the conversion of the initial
—COF end groups is 69%.

The amount of each type of end group formed, calculated
in % by moles with respect to the converted diacylfluoride, is
respectively the following:

—OCFCICF,Cl
—OCF,

62%;
38%.

Example 4 is summarized in Table 1.

By the GC/MS and GC analyses it is shown that the reac-
tion mixture is formed, besides the starting diacylfluorides,
which represent 27% by moles with respect to the initial
moles, also by the following reaction products, in the indi-
cated percentages, likewise calculated:
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a)  CICF,CFCIOCF,CF,0—(CF,CF,0),,(CF>0),—CF,CF,0CFCICF,Cl

b)  CF;0—(CF,CF,0),,(CF>0),—CF,CF,0CFCICF,Cl

¢)  CF,0—(CF,CF,0),_(CF,0), —CF,
F(O)CCF,0—(CF,CF,0),,(CF>0),—CF,CF,0CFCICF,Cl
e)  F(O)CCF,0—(CF,CF>0),,(CF,0),—CF,

29%;
23%;
13%;
5%;
3%.

The reaction products a), b), ¢) have been obtained, simi-
larly to the products of Example 2, by addition of the olefin
CFCI=—CFCl to the corresponding bis-hypofluorites of for-
mula (1) (see Example 2); the products d) and e) derive from
the addition of the olefin to the corresponding mono-hypof-
luorites having the following formula (2):

F(O)CCF,0—(CF,CF,0),,(CF,0),—CF,CF,OF Q).

The quantitative gaschromatographic analysis of all said
products has shown that in the partial fluorination reaction of
the diacylfluorides the selectivity is the following:

65%
8%
27%

bis-hypofluorites (1)
mono-hypofluorites (2)
diacylfluorides

The Example shows that under said experimental condi-
tions the fluorination reaction of diacylfiuorides in the pres-
ence of the CsF catalyst, even by operating with lower fluo-
rine amounts (molar) with respect to the initially present
—COF end groups, mainly supplies bis-hypofluorite prod-
ucts (1) with a quantitative conversion of the used fluorine.

The reaction products are separated by fractional distilla-
tion.

1F.NMR spectrum in ppm with respect to CFCl, on the
mixture (ppm=0):

132 (1F F(O)CCF,OCF,0—); 13.0 (1F
F(O)CCF,OCF,CF,0—); -51.7, -55.3 (2F —OCF,0—);
=56.2 (3F CF,OCF,CF,0—); -57.8 (3F CF,0CF,0—);
-71.0 (2F —CF,Cl); -76.5 (IF —CFCl); -77.0 (2F
—OCF,CF,OCF,C(O)F); -78.8 (2F —OCF,OCF,C(O)F);
-87.5 (3F CF;CF,0—); -88.4, -90.7 (4F —OCF,CF,0—).

EXAMPLE 4A

Test in a discontinuous way according to the invention
process wherein the synthesis of the bis-hypofluorite (1) and
mono-hypofluorite (2) is carried out by partial fluorination of
the corresponding diacylfluoride on CsF catalyst

2 mmoles of the diacylfluoride used in Example 4 are fed in
a 10 ml metal reactor equipped with internal thermocouple
containing the CsF catalyst (0.90 g), by operating likewise as
in Example 2.

After cooling in liquid nitrogen, the possible uncondens-
able products stripped, 2.0 mmoles of fluorine are added and
the reaction mixture is left at —10° C. for 4 hours. At the end
of the fluorination it is found that the fluorine conversion is
complete. 2.80 mmoles of CF,—CF, are slowly added in the
same reactor, brought to the temperature of -105° C., after
having condensed 3 mmoles of perfluoropropane (C;Fy).
When the addition is over, the reaction mixture is then left at
-105° C. for 1 hour, then brought to the temperature of -70°
C., the volatile products are removed by water pump.

The reaction products are then recovered in CgF,.
The **FNMR analysis shows that the conversion of the initial
—COF end groups is 55%. The amount of each end group
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formed, calculated as % by moles with respect to the con-
verted diacylfluoride, is respectively the following:

—OCF,CF,
—OCF,

32%
68%

The GC/MS and GC analyses have shown that the follow-
ing reaction products are formed: monoacylfluorides and
neutral perfluoropolyethers, besides the starting unreacted
diacylfluorides which represent the 39% by moles with
respect to the initial ones, in the following relative molar
percentages, determined by gaschromatography:

monoacylfluorides:

CF;CF,0—(CF,CF,0),,(CF,0),—CF,C(O)F
CF;0—(CF,CF,0),,,(CF,0),—CF,C(O)F
neutral perfluoropolyethers

6%
13%

CF3CF,0—(CF,CF,0),,(CF>0),—CF,CF,
CF,0—(CF,CF,0),,(CF,0),—CF,
CF3CF,0—(CF,CF,0),,(CF>0),—CF,

10%
11%
21%

The reaction products are separated by fractional distilla-
tion.

Characterization of the products: **F-NMR

F.-NMR spectrum in p.p.m. with respect to CFCI,
(pp-m=0): 132 (IF F(O)CCF,OCF,0—);, 13.0 (1F
F(O)CCF,OCF,CF,0—); -51.7, -55.3 (2F —OCF,0—);
-56.2 (3F CF;0CF,CF,0—); -57.8 (3F CF,0CF,0—);
-77.0 (2F —OCF,CF,OCF,C(O)F); -78.8 (2F —OCF,0OC
F,C(O)F); -87.5 (3F CF,;CF,0—); -884, -90.7 (4F
—OCF,CF,0—). B

The conditions used in this Example and the obtained
results are summarized in Table 1A.

EXAMPLES 4B AND 4C

Test in a discontinuous way according to the invention
process wherein the synthesis of the bis-hypofluorite (1) and
monohypofluorite (2) is carried out by partial fluorination of
the corresponding diacylfluoride on CsF catalyst

Example 4B is carried out likewise as in Example 4A but
by starting from diacylfluoride having number average
molecular weight 460 described in Example 2.

Example 4C is carried out likewise as in Example 4 by
starting from the diacylfluoride having number average
molecular weight 620 but fluorinating the compound at a
temperature of +20° C. for 4 hours.

The obtained results are shown in Table 1A.

EXAMPLE 5

Test in a discontinuous way according to the invention
process wherein in the fluorination a mixture of bis-hypof-
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lvorite (1) and mono-hypofluorite F(O)CCF,0—
(CF,CF,0),, (CF,0),—CF,CF,OF (2) is obtained by partial
fluorination of the corresponding diacylfluoride on KHF,
catalyst

3.4 g of KHF, catalyst (43 mmoles; Aldrich® Chemical
Co.) are introduced in a 10 ml metal reactor, equipped with
internal thermocouple and subsequently fluorinated at 400
mbar of fluorine at room temperature for 2 hours.

After fluorine removal by stripping at —196° C., by oper-
ating under inert atmosphere (dry-box), 1.90 mmoles of dia-
cylfluoride (2-A) are introduced, as in Example 2.

After cooling in liquid nitrogen, the possible uncondens-
able products stripped, 2.80 mmoles of fluorine are added and
the reaction mixture is left at —10° C. for 5 hours. At the end
of the fluorination it is noticed that the fluorine conversion is
complete. At the temperature of —105° C., after having con-
densed 3 mmoles of perfluoropropane (C;F;), 3.15 mmoles
of CFCI—CFClI are slowly added.

The reaction mixture is then at —105° C. for 1 hour and
subsequently brought to the temperature of -70° C. The vola-
tile products are removed by water pump.

The reaction mixture is then recovered in C4F4. The *°F-
NMR analysis shows that the conversion of the initial —COF
end groups is 80%.

The amount of each type of end group formed, calculated
in % by moles with respect to the converted diacylfluoride, is
respectively the following:

—OCFCICF,Cl
—OCF,

73%;
27%.

By the GC/MS and GC analyses it is shown that the reac-
tion mixture is formed, besides by the starting diacylfluo-
rides, which represent 4% by moles with respect to the initial
moles, also by the following reaction products, in the indi-
cated percentages, likewise calculated:
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'F_-NMR spectrum in ppm with respect to CFCl, of the
mixture (ppm=0):

13.2 (1F F(O)CCF,OCF,0—); 13.0 (1F
F(O)CCF,OCF,CF,0—); -51.7, =553 (2F —OCF,0—);
=56.2 (3F CF,OCF,CF,0—); -57.8 (3F CF,0OCF,0—);
-71.0 (2F =CF,Cl); -76.5 (IF —CFCl); -77.0 (2F
—OCF,CF,0CF,C(O)F); -78.8 (2F —OCF,OCF,C(O)F);
-87.5 (3F CF,CF,0—); -88.4, -90.7 (4F —OCF,CF,0—).

Example 3 is summarized in Table 2.

EXAMPLE 6

Example 6 has been carried out as Example 5 but by using
in the fluorination reaction a diacylfluoride similar to that
used in Examples 3-3B, having molecular weight 620,
m/n=4.30, functionality in —COF end groups=1.82, func-
tionality in —CF,CF; end groups=0.18

The Example has been summarized in Table 2.

Table 2 shows that the fluorine conversion under the used
experimental conditions is substantially quantitative inde-
pendently from the molecular weight of the diacylfluoride.
The addition yields of monohypofluorites (2), similarly to
those of the bis-hypofluorites (1), are very high.

EXAMPLE 7

Test in a semi-continuous way according to the invention
process with synthesis of the bis-hypofluorite (1) carried out
by fluorination in fluorine excess of the corresponding dia-
cylfluoride on CsF catalyst

0.90 g of CsF catalyst are introduced in a 10 ml metal
reactor, equipped with internal thermocouple and subse-
quently activated as per Example 1.

After fluorine removal by operating under inert atmosphere
(dry-box) 2 mmoles of diacylfluoride used in the Examples
3-3B are introduced. After cooling in liquid nitrogen, the
possible uncondensable products stripped under vacuum,

a)  CICF,CFCIOCF,CF,0—(CF,CF,0),(CF,0),—CF,CF,0CFCICF,Cl

CF30—(CF,CF,0),,(CF>0),—CF,CF,0CFCICF,Cl

¢)  CF;0—(CF,CF,0),,(CF,0),—CF,
F(O)CCF,0—(CF,CF,0),,(CF>0),—CF,CF,0CFCICF,Cl
e)  F(O)CCF,0—(CF,CF>0),,(CF,0),—CF,

38%;
14%;
12%;
26%;

6%.

The reaction products a), b), ¢) have been obtained, simi-
larly to the products of Example 2, by addition of the olefin
CFCI=—CFC(l to the corresponding bis-hypofluorites (1); the
products d) and e) derive from the addition of the olefin to the
corresponding mono-hypofluorites (2) (Example 4).

The quantitative gaschromatographic analysis of all said
products has shown that in the fluorination reaction, by using
the KHF, catalyst, the selectivity for each product which is in
the reacted mixture is the following:

64%
32%
4%

bis-hypofluorites (1)
mono-hypofluorites (2)
diacylfluorides

In particular for the addition reaction of the olefin
CFCl—CFCl to the mono-hypofluorites (2), it has been found
that the yield in —OCFCICF,Cl end groups is 81%, and the
yield in —OCF; end groups is 19%, calculated on the moles
of the formed monohypofluorites.

The reaction products are separated by fractional distilla-
tion.
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1.83 mmoles of fluorine are added. After the reaction mixture
has been brought to -10° C., it is let react for 2 hours obtain-
ing the complete disappearance of the fed fluorine. The reac-
tion mixture is brought to —105° C. and after having con-
densed 3 mmoles of perfluoropropane (C;Fy), 1.0 mmoles of
CFCI=—CFCl are slowly added, maintainaing the temperature
at-105° C.

When the addition is over, the reaction mixture is left at
-105° C. for 1 hour and then the fluorination and olefin
addition reactions are repeated as described hereinafter.

The reaction mixture is brought to the temperature of
-196° C., 3.67 mmoles of fluorine are added, the temperature
is increased to —10° C. maintaining the reaction mixture
under said conditions for 2 hours. It is cooled again to -196°
C. and 0.67 mmoles of unreacted F, are recovered, which is
removed by stripping. The temperature is brought to —105° C.
and 5.47 mmoles of CFCI—CFClI are slowly added.

The temperature is maintained at —105° C. for 1 hour and
then it is increased to —70° C., removing the volatile products
by water pump.

The reaction mixture is then recovered in C.F and ana-
lyzed by '’F-NMR analysis. The diacylfluoride conversion is
90%.
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The amount of each type of end group formed, calculated
in % by moles with respect to the converted diacylfluoride, is
respectively the following:

—OCFCICF,Cl: 62%;

—OCF,__, ;3%.

The main reaction products of the addition of the olefin
CFCI=—CFCl to the bis-hypofluorite (1) have been identified
and quantified by GC/MS and GC analyses.

Said products are equal, respectively, to the products a), b)
and c¢) obtained in Example 2. The selectivity is comparable to
that obtained in Example 2.

The reaction products are separated by fractional distilla-
tion.

The product characterization by °F-NMR is equal to that
reported in Example 2.

EXAMPLE 8
Comparative

Synthesis of the Perfluoroalkyl Hypofluorite
CF;CF,CF,OF and Addition to the Olefin
CFCI=CFCl

0.90 g of CsF catalyst, prepared as described in Example 1,
areintroduced ina 10 ml metal reactor, equipped with internal
thermocouple, and 2 mmoles of CF;CF,C(O)F, obtained as in
Example 7 of U.S. Pat. No. 4,769,184, and 4 mmoles of
fluorine are condensed on the catalyst. It is let react at —-80° C.
for 3 hours. After cooling in liquid nitrogen, 2 mmoles of
unreacted fluorine are recovered, obtaining an acylfluoride
conversion of 100%.

After removal of the fluorine in excess by stripping, the
obtained hypofluorite CF;CF,CF,OF is slowly added, at the
temperature of —105° C., in a 25 ml glass reactor, equipped
with magnetic stirrer and internal thermocouple, wherein 6
mmoles of CFCI—CFCl and 12 mmoles of CFCl, were pre-
viously condensed. When the addition is over, the reaction
mixture is left at =105° C. for 1 hour. The 'F-NMR and
GC/MS analyses on the reaction mixture have shown the
complete disappearance of the initial acylfluoride CF,CF,C
(O)F to mainly give the COF,, CF;CF; degradation products
and, in a small part, with a yield by moles of 4% with respect
to the initial acylfluoride, the addition product to the olefin
having formula CF;CF,CF,OCFCICF,Cl.

This example shows that hypofluorites having a linear
sequence of carbon atoms equal to or higher than 3 sum the
olefins with very low yields.

EXAMPLE 9
Comparative

Synthesis of the Hypofluorite CF;O(CF;)CFCF,OF
(Beta-Branched Oxyalkylene Hypofluorite) and
Addition to the Olefin CFC1—CFCl (Comparative
Test)

0.90 g of CsF catalyst, prepared as in Example 1, are
introduced in a 10 ml metal reactor, equipped with internal
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thermocouple, and 2 mmoles of the acylfluoride of formula
CF;O(CF;)CFC(O)F, obtained as in Example IV of U.S. Pat.
No.3.114,778, and 4 mmoles of fluorine are condensed on the
catalyst. It is let react at —80° C. for 4 hours. After cooling in
liquid nitrogen, 1.6 mmoles of unreacted fluorine are recov-
ered. After removal of the fluorine in excess by stripping, the
obtained hypofluorite CF;O(CF;)CFCF,OF is slowly added,
at the temperature of —80° C., in a 25 cc glass reactor,
equipped with magnetic stirrer and internal thermocouple,
wherein 6 mmoles of CFCI—CFCl and 12 mmoles of CFCl,
were previously condensed.

When the addition is over, the reaction mixture is left at
-80° C. for 1 hour. The ’F-NMR and GC/MS analyses on the
reaction mixture have shown a conversion of 93% of the
initial acylfluoride CF,O(CF;)CFC(O)F to give the COF,,
CF,0CF,CF;, CF,OCFCICF,Cl products deriving from the
hypofluorite degradation and, in a small part, with a yield of
2% with respect to the initial acylfluoride, the addition prod-
uct of the hypofluorite to the olefin having formula CF;O
(CF;)CFCF,OCFCICF,Cl.

EXAMPLE 10

Test in a discontinuous way according to the invention
process carrying out the synthesis of the bis-hypofluorite of
formula FOCF,CF,0—(CF,CF,0),,(CF,0),—CF,CF,OF
(1) by using the CsF catalyst and fluorine in excess with
respect to the starting acylfluoride

0.90 g of CsF catalyst prepared as described in Example 1
are introduced in a 10 ml metal reactor equipped with internal
thermocouple.

By working likewise as in Example 2 mmoles of dia-
cylfluoride F(O)CCF,0—(CF,CF,0),,(CF,0),—CF,C
(O)F having average molecular weight (MW) 620 are intro-
duced; m/n 4.30, functionality in —COF end groups 1.82,
functionality in—CF,CF; end groups 0.18, used in Examples
3-3B.

After cooling in liquid nitrogen, the possible uncondens-
able products stripped under vacuum, 5.47 mmoles of fluo-
rine are added and the reaction mixture is left at -10° C. for 4
hours. It is cooled to ~196° C. and 1.70 mmoles of unreacted
F,, which is removed, are recovered. The reaction mixture is
brought to -105° C., and 3 mmoles of perfluoropropane
(C5Fy) are condensed. The reaction mixture is then brought at
the temperature of -55° C. and 4.37 mmoles of trans-1,2-
dichloroethylene CHCI=CHCI are slowly added. When the
addition is over the reaction is left at -55° C. for 1 hour. The
volatile products are removed by water pump and the reaction
mixture is recovered in C4F,. The **F-NMR analyses show
the complete disappearance of the initial —COF end groups.

The amount of each end group formed, expressed in % by
moles with respect to the converted diacylfluoride, is respec-
tively the following:

—OCHCICHFCL
—OCF,

41%
59%

By GC/MS and GC analyses the following products have
been identified and quantified in the reaction mixture (%
relative molar):

CIFHCCHCIOCF,CF,0—(CF,CF,0),,(CF,0),—CF,CF,OCHCICHFCI
CF30—(CF,CF,0),,(CF,0),—CF,CF,OCHCICHFCI
CF,0—(CF,CF,0), (CF,0),—CF,

24%
35%
41%
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The products are separated by fractional distillation.
F.NMR spectrum in p.p.m. with respect to CFCl,
(p.p-m.=0): -51.7, =553 (2F —OCF,0—); -56.2 (3F C
F3OCF,CF,0—); -57.8 (3F CF;0CF,0—); -87.5 (3F C

20
By GC/MS and GC analyses it is found that the reaction
mixture is formed, besides the starting diacylfluorides repre-
senting the 31% by moles with respect to the initial moles,
also by the following reaction products (% relative molar):

CIFHCCHCIOCF,CF,0—(CF,CF,0), (CF,0) —CF,CF,0CHCICHFCI
CF30—(CF,CF,0),,(CF,0),—CF,CF,OCHCICHFCI
CF,0—(CF,CF,0),,(CF,0),—CF,
F(O)CCF,0—(CF,CF,0),,(CF>0),—CF,CF,0CHCICHFCL
F(O)CCF,0—(CF,CF,0)_ (CF,0),—CF,

12%
22%
11%
12%
12%

F,CF,O—); -88.4, -90.7 (4F —OCF,CF,0—); -91.1,
=91.8 (2F —OCF,CF,OCHCICHFCI); =143 4, —145.2 (IF
—OCF,CF,OCHCICHFCI).

EXAMPLES 10A-10E

These Examples have been carried out likewise as in
Example 10, except for the following differences:
In Example 10D the ethyl acrylate olefin (4.37 mmoles)
has been added in the reactor at the temperature of —196°
C. and the reaction mixture has been let reach the tem-
perature of =50° C., then left at this temperature for one
hour.

In Example 10E the maleic anhydride olefin (4.37 mmoles)
dissolved in acetonitrile (2 ml) has been added in the
reactor at the temperature of —=196° C. and the reaction
mixture has been let reach the temperature of -30° C.
and left at this temperature for one hour.

The obtained results have been summarized in Table 3.

EXAMPLE 11

Test in a discontinuous way according to the invention
process wherein the synthesis of the bis-hypofluorite (1) and
mono-hypofluorite (2) is carried out by partial fluorination of
the corresponding diacylfluoride on CsF catalyst and addition
to CHCI—CHC1

2 mmoles of diacylfluoride F(O)CCF,0—(CF,CF,0),,
(CF,0),—CF,C(O)F used in Examples 4 and 3-3B, are intro-
duced in a 10 ml metal reactor equipped with internal ther-
mocouple and containing the CsF catalyst (0.90 g), by
operating likewise as in Example 4.

After cooling in liquid nitrogen, the possible uncondens-
able products stripped, 2.10 mmoles of fluorine are added and
the reaction mixture is left at —10° C. for 4 hours. At the end
of the fluorination it is found that the fluorine conversion is
complete. At the temperature of —-80° C., after having con-
densed in the reactor 3 mmoles of A-11 (CFCl;), 2.80 mmoles
of trans 1-2 dichloroethylene are slowly added. When the
addition is over, the reaction mixture is then left at -80° C. for
one h, then brought to —50° C., and the volatile products are
removed by water pump.

The reaction products are then recovered in CgF,.
The '*F-NMR analysis shows that the conversion of the initial
—COF end groups is 57%. The amount of each end group
formed, expressed in % by moles with respect to the con-
verted diacylfluoride, is respectively the following:

—OCHCICHFCL
—OCF,

51%
49%
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The products are separated by fractional distillation.

F-NMR spectrum in p.p.m. with respect to CFCI,
(pp-m=0): 132 (IF F(O)CCF,OCF,0—);, 13.0 (1F
F(O)CCF,OCF,CF,0—); -51.7, -553(2F —OCF,0—);,
=56.2 (3F CF,0OCF,CF,0—); -57.8 (3F CF,0OCF,0); 77.0
(2F —OCF,CF,OCF,C(0O)F); -78.8 (2F —OCF ,OCF,C(0O)
F), -87.5 (3F CF;CF,0—), -884, -90.7 (4F —OC
F,CF,0—); -91.1,-91,8 (2F —OCF,CF,OCHCICHFCY);,
-143.4,-145.2 (1F —OCF,CF,OCHCICHFCI).

EXAMPLE 12

Test in a discontinuous way according to the invention
process wherein the synthesis of the bis-hypofluorite (1) and
mono-hypofluorite (2) is carried out by partial fluorination of
the corresponding diacylfluoride on CsF catalyst and addition
to CF;OCF—CF,

2 mmoles of diacylfluoride F(O)CCF,O0—(CF,CF,0),,
(CF,0),—CF,C(O)F of Example 4 are introduced in a 10 ml
metal reactor equipped with internal thermocouple contain-
ing the CsF catalyst (0.90 g), by operating likewise as in
Example 11.

After cooling in liquid nitrogen, the possible uncondens-
able products stripped, 1.82 mmoles of fluorine are added and
the reaction mixture is left at —10° C. for 4 hours. At the end
of the fluorination it is found that the fluorine conversion is
complete. The reaction mixture is brought to —=105° C. and
after having condensed 3 mmoles of perfluoropropane
(C5Fy), 2.80 mmoles of CF;OCF—CF, are added.

When the addition is over, the reaction mixture is then left
at-105° C. for one h, then brought to -70° C., and the volatile
products are removed by water pump.

The reaction products are then recovered in C Fg.

The ?F-NMR analysis shows that the conversion of the
initial —COF end groups is 49% to give products having the
following neutral end groups in the molar percentages indi-
cated below, calculated with respect to the converted —COF:

—OCF,CF,0CF,
—OCF(CF,)OCF,

90%
10%

The products are separated by fractional distillation.

F.-NMR spectrum in p.p.m. with respect to CFCI,
(pp-m=0): 132 (IF F(O)CCF,OCF,0—);, 13.0 (1F
F(O)CCF,OCF,CF,0—); -51.7, -55.3 (2F —OCF,0—);
=554 (3F —OCF(CF,)OCF,); -56.2 (3F
CF,0CF,CF,0—); -57.8 (3F CF,0CF,0—); -77.0 (2F
—OCF,CF,0—CF,C(O)F); -788 (2F —OCF,0C
F,C(O)F); -86.7 (3F —OCF(CF,)OCF,); -87.5 3F C
F,CF,0—); -88.4, -90.7 (4F —OCF,CF,0—); -98.2 (1F
—OCF(CF,)OCF,).
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EXAMPLE 13

Test in a semicontinuous way according to the invention
process wherein the synthesis of the bis-hypofluorite (1) is
carried out by fluorination of the corresponding diacylfluo-
ride on CsF catalyst and addition to CFC1—CFCl

2.3 g of CsF catalyst, which is activated by heating at 200°
C. for 4 hours in inert atmosphere and then subsequently
fluorinated with 1 NI/h of F, diluted with 1 NI/h of He at the
temperature of 150° C. for 4 hours, are introduced in a 420 ml
metal reactor equipped with reflux condenser, mechanical
stirrer and internal thermocouple.

After removal of the residual fluorine, 100 g (0.22 moles)
of the diacylfluoride (MW=460) of Example 2 are fed, then
the reaction mixture is brought to —80° C. by an external
cryostat. A mixture formed by 1.0 litres/h (I/h) of elementary
fluorine diluted with 0.5 litres/h of helium is fluxed into the
reator for 1 hour. The gaschromatographic analyses of the
gases outflowing from the reactor show how the fluorine yield
with respect to the fed fluorine is 95%.

Then the reaction mixture is brought to -105° C. by an
external liquid nitrogen cryogenic system and a mixture
formed by 1 NI/h of CFCI—CFCl diluted with 4 NI/h of He is
added at the temperature of =105° C. in one hour.

The reaction mixture is brought again to —80° C. where one
proceeds to a further fluorination and subsequently to a fur-
ther addition of olefin, under the same above mentioned con-
ditions. The reaction is followed by *°F-NMR analysis up to
the complete conversion of the initial —COF end groups.
With the sequence of the described operations a total fluorine
amount of 0.42 moles is introduced with a fluorine yield of
95%.

When the rection is over, the formed products, separated
from the catalyst, are analyzed by '°F-NMR analysis.

The conversion of the starting acylfluoride is quantitative.

The amount of each end group formed, expressed in % by
moles with respect to the converted diacylfluoride, is respec-
tively the following:

—OCFCICF,Cl
—OCF,

85%
15%

By GC/MS and GC analysis it is shown that the reaction
mixture is formed by the following reaction products in the
indicated molar percentages:
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EXAMPLE 14

Comparative

Synthesis of the Perfluoroalkyl Hypofluorite
CF,CF,CF,OF and Subsequent Addition of the
CFCI—CFCl Olefin

4.0 mmoles of CF;CF,C(O)F used in Example 8 are intro-
duced in a 10 ml metal reactor equipped with internal ther-
mocouple containing the CsF catalyst (0.90 g), operating
likewise as in Example 2, and subsequently 2.0 mmoles of
fluorine are added and the reaction mixture is left at -80° C.
for 4 hours. At the end of the fluorination it is found that the
fluorine conversion is complete. At the temperature of —105°
C., after having condensed in the reactor 3 mmoles of per-
fluoropropane (C,;Fg), 2.80 mmoles of CFCI—CFCI are
slowly added. When the addition is over, the reaction mixture
is left at —=105° C. for 1 hour.

The reaction products are then recovered in C,F,. By ana-
lyzing the reaction mixture by *’F-NMR and GC/MS analy-
ses it has been verified that the conversion of the initial
—COF end groups is of 50%. The formed products are the
degradation products of the hypofluorite CF;CF,CF,OF:
COF,, CF;CF; and only in traces the product of addition to
the the olefin CF;CF,CF,OCFCICF,Cl (molar yield<1%
with respect to the converted acylfluoride).

This Example shows that the addition of olefins to hypfluo-
rites having a linear sequence of carbon atoms equal to or
higher than 3 occurs with extremely low yields.

EXAMPLE 15
Comparative

Synthesis of the Hypofluorite CF;O(CF;)CFCF,OF
and Subsequent Addition of the CFCI—CFCl Olefin

4.0 mmoles-of the acylfluoride CF,O(CF;)CFC(O)F used
in Example 9 are introduced in a 10 ml metal reactor equipped
with internal thermocouple, and containing the CsF catalyst
(0.90 g), operating likewise as in Example 2, and subse-
quently 2.0 mmoles of fluorine are added. The reaction mix-
ture is left at —80° C. for 4 hours. Atthe end of the fluorination
it is found that the fluorine conversion is complete. At the
temperature of —=105° C., after having condensed in the reac-

a)  CICF,CFCIOCF,CF,0—(CF,CF,0),,(CF>0),—CF,CF,0CFCICF,Cl

b)  CF;0—(CF,CF,0),,(CF>0),—CF,CF,0CFCICF,Cl
¢)  CF,0—(CF,CF,0), (CF,0),—CF,

72%
26%
2%

The products are separated by fractional distillation. Char-
acterization of the products: '°F-NMR

F.NMR spectrum in p.p.m. with respect to CFCl,
(p.p.m.=0): =517, =553 (2F —OCF,0—); -56.2 (3F C
F,OCF,CF,0—); -57.8 (3F CF,OCF,0—); =71.0 2F —C
F,Cl); =76.5 (IF —CFCl); -87.5 (3F CF,CF,0—); -88.4,
~90.7 (4F —OCF,CF,0—). h

60
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tor 3 mmoles of perfluoropropane (C;Fg), 2.80 mmoles of
CFCI=—CFCl are slowly added. When the addition is over, the
reaction mixture is left at —=105° C. for 1 hour.

The °F-NMR and GC/MS analyses on the reaction mix-
ture have shown a conversion of 50% of the initial acylfluo-
ride CF;O(CF;)CFC(O)F to give the products COF,,
CF OCF,CF; and CF;0CFCICF,Cl deriving from the deg-
radation of the hypofluorite CF;O(CF;)CFCF,OF and only in



traces the addition product to the olefin CF;0(CF;)
CFCF,OCFCICF,Cl (yield about 1% with respect to the con-

verted acylfiuoride).
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This Example shows that the addition of olefins to hypol-
fuorites having a structure similar to the product CF,O(CF;)
CFCF,OF occurs with extremely low yields.

TABLE 1

Ex.

Examples 2-2C, 3-3B and 4: conditions of diacylfluoride fluorination (in the Table the
initial —COF end group mmoles), of olefin addition to the hypofluorite, % conversion —COF and
% by moles of the end groups CICF,CFCIO—, CF;CF,0—, CF;0— formed in the reaction products; in
Example 4 the % are calculated with respect to the amount of converted acylfluoride. The
fluorination reaction time is 4 hours and the used catalyst is CsF (0.90 g).

Fluorination

Reactants

(amount by mmoles)

To

Olefin addition

—COF

conver.

—COF

F,

F,/—COF

C.

olefin

T°C.

% moles

Reaction products

end groups

CICF,CFCIO—

CF,CF,0— CF,0—

% by moles

2A
2B
2C

3A
3B

3.64

1.51

-10

CFCI—=CFCl

-105

100

83

3.64
3.64
3.0

3.64
1.85
3.64
3.64

1.51
1.51

-80
-10

CFCl=CFCl
CF,—CF,

-80
-105

100
100

55

17
45
52

2.20
1.51
2.54
1.51
0.69

-80
-10
-80
-10
-10

CFCI=CFCl
CFCI=CFCl
CFCI=CFCl
CF»—CF,
CFCI=CFCl

-80
-105
-80
-105
-105

100
100
100
100

69

80
56

20
a4
61
69

62 38

TABLE 1A

Examples 4A-4C: reactions in a discontinuous way
Conditions of diacylfluoride fluorination (in the Table the mmoles of initial —COF end
groups, of addition of the olefin to the hypofluorite, —COF conversion % and % by moles of
the end groups CICF,CFCIO—, CF;CF,0—, CF;0— formed in the reaction products;
the % are calculated with respect to the amount of converted acylfluoride. The time of the
fluorination reaction is 4 hours and the used catalyst is CsF (0.90 g).

Fluorination End groups of the

Reactants

Ex.

(amounts by mmoles)

Olefin addition

—COF

convers.

—COF

F>

F»/—COF

T°C.

olefin

T°C.

% moles

reaction products

CICF,CFCIO—

CF,CF,0—

% by moles

CF,0—

4A
4B
ac

3.64
3.64
3.64

2.0
2.0
1.92

0.55
0.55
0.53

-10
-10
+20

CF,—CF,
CF,—CF,
CFCl=CFCl

-105
-105
-105

55
54
52

45

32
53

68

55

TABLE 2

Examples 5 and 6: conditions of diacylfiuoride fluorination (abbrev. DACF in the Table),
% conversion diacylfluoride and % molar ratio of the end groups CICF,CFCIO—/CF;0— formed in
the reaction products, calculated with respect to the moles of converted monohypofluorite
(2). The fluorination reaction temperature is —10° C. and the used catalyst KHF,. In the
addition reaction the temperature is —105° C., the used olefin is CFCI—CFCIl and

the reaction solvent C;Fg.

Fluorination

Calculation yields of
the compounds obtained
in the fluorination

Diacylfiuoride

hypofiuorites

Molar ratio
end groups
—OCFCICF,Cl/OCF,

calculated with

End* Conv. mono- bis- respect to
—COF F, time —COF 2) [¢8)] DACF converted mono-
MW mmoles mmoles F,/—COF hours % moles % moles % moles % moles hypofluorite (2)
460 3.46 2.80 0.80 5 80 32 64 4 81/19
Ex. 5
620 3.64 2.10 0.58 4 46 57 26 17 80/20
Ex. 6

*abbreviation for: end groups



US 7,393,961 B2

25

TABLE 3

26

Examples 10, 10A-10E, 11-12 : batch reactions
Conditions of diacylfluoride fluorination (in the Table the mmoles of initial —COF end groups), of the olefin
addition to the hypofluorite, —COF conversion %, formula of the reaction products end groups, % by moles of said
end groups and of CF;0— in the reaction products; the % are calculated with respect to the amount of converted
acylfluoride. The fluorination reaction has been carried out at - 10° C. in 4 hours and the used catalyst is CsF
(0.90 g). In the column T ° C. (1a) and (1b) the T intervals are indicated in the respective Examples.

Fluorination

End groups of the

Reactants —COF reaction products
(amount by mmoles Olefin addition conver. CF;0—
Ex. —COF F, F,/—COF solv. olefin T°C. % moles Formula % moles % moles
10 3.64 55 151 C3F;  CHCI=CHCI -55 100 —OCHCICHFCI 41 59
10A  3.64 55 151 CsFg  CF,CF=CF, -80 100 —OCF,CF,CF; 39 37
—OCF(CF3), 24 —
10B 3.64 55 151 C5Fg CH,—CF, -105 100 —OCH,CF, 35 62
—OCF,CH,F 3 —
10C  3.64 55 151 CFCl;  CHCI=CCI, -80 100 —OCHCICFCL, 36 55
—OCCL,CHFCI 9 —
10D 3.64 55 151 CFCl; CH,=CHCOOEt  (la) 100 —OCH,CHFCOOEt 32 68
10E  3.64 55 151 CFCl;  maleic anhydr. (1b) 100 —OCH----- CHF 30 70
(0)C—0—C(0)
11 3.64 210 058 CFCI23 CHCI=CHCI -80 57 —OCHCICHFCI 51 49
12 3.64 1.8 050 CjFg  CF,OCF=CF, -105 49 —OCF,CF,0CF, 90 —
—OCF(CF;)OCF, 10 —
The invention claimed is: 30 mono-carboxylic acids or cyclic anhydrides of C,-Cg
1. (Per)haloethers having formula (I) dicarboxylic acids; wherein the remaining substitu-
ents of the group of X,, X,, X;, X,, independently
X-RDO—CRCE—0—CXX—CFXXy @, each from the other, are F, H, Cl or Br;
wherein 4) one of X, or X, together with one of X; or X, and the
X, X5, X5, X, have the following meanings: 33 two carbon atoms of the group —CX,X,—CFX, X,
1)X, and X, are, independently each from the other, F, H or form cyclic fluorinated or hydrogenated anhydride or
Cl, and X and X, are independently each from the other, imide compounds, containing 4-6 carbon atoms in the
F, H, Cl or Br, wherein at least one of X; or X, is Hor Cl, ring, wherein the remaining substituents between X, or
and at least one of X; or X, is H, Cl, or Br; X, and between X; or X,, independently each from the
2) one of X, or X,, and/or one of X or X, is/are chosen 40 other, are F, H, Cl or Br; and
from the following groups: —COOR*,,, wherein R?,, is 4a) X, and X, together with the relevant carbon atom to
C,-C; alkyl;, —OC(O)CH;; —CN; —NCO; —NCS; which they are attached, form a cyclic anhydride ring
aryl, substituted with —NO, or non substituted; having 4 carbon atoms; X, and X, independently each
—NH—C(0O)—NH,; —OC(0),CH;, —P(0)(CcHs)s, from the other, are F, H, Cl or Br;
—P(0),(C¢Hy),, or —SO,F; 45 X has the following meanings:
whereas the remaining substituents of the group of X, F, linear or branched C, -C; per(halo)alkyl;
X,, X5, and X, have the following meanings: —[O] IC.F2CF20CX1X24CFX3X45 —|[O],CF,C(O)F,
X,=F, X,=Cl, X,=F, and X,=Cl; wherein
X,=F, X,=Cl, X,=F, and X,=H; T=0 when L=1 and Rf=R{" as defined below;
bl 3 3 b 50 I _ I, .
X,=X,=H, and X,=X,~Cl; or T=1 when L=1 and Rf=Rf as defined b.elow,
X =X.=X,=CL. and X.==H: when =1 and Rf=R{' defined below, X is also C,-C;
1 3 4 gl 2 El .
3) one of X, or X,, and/or one of X, or X, is/are chosen L0 plf.:rﬂuoroxyalkyl,
from the following groups: S . .
3a) C,-C,, linear or branched per(halo) fluorinated s WhFe.n [.=0, X must not have the following meanings:
alkyl; ’ .
’ 0],CF,CF,0CX X,—CFX X, b T=0, X,=F
3b) C,-C,, linear or branched per(halo)fluorinated oxy- [ %(Iczczl X2 5 )é :2C1' a%ha DOl T
lkyl; wherein when the alkyl is per(halo), there are E e P
alkyh £C1 and/or Br- ’ C,-C,; perfluoroalkyl when X,=F and X ,=Cl, X,=F;
one or more atoms o andior 5r; - . when L=1, Rf=R{f or Rf"; wherein
30) C,-C,, linear or branghed alkyl, optionally contain- 60 RF=C,-C,, perfluoroalkylene;
ing onei or more.funftlgnal groups, chosen between Rf—perfluorooxyalkylene having formula:
COOR";,, wherein R, is C,-C; alkyl; —OC(O)CHj;;
—CN;—NCO; —NCS; aryl, substituted with —NO, —(OCECE,),,(OCF,),(OCF,CFCE3),(OCFCE3),
or non substituted; —NH—C(O)—NH,; —OC(0), (O.CF2CF2CF2)” . )
CH;, —P(0)(C4Hs),, —P(0),(C4Hs),, —SO,F, and 65 wherein m, n, p, q, r are integers such that:

hydrogenated organic anhydrides chosen from the
group of linear anhydrides of organic C,-C,

m is 0 to 100;
n is 0 to 100;
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p is 0 to 60;
ris 0 to 60;
q is 0 to 60; m+n+p+r+q>1; and
the average molecular weight of Rf" from 66 to 12,000.
2. (Per)haloethers according to claim 1, wherein when
Rf=R{f" the perfluorooxyalkylene has the following formula:

—(OCF,CF,),(OCF,),_ VD

wherein m and n independently one from the other have the
above values; when both m and n are present, mm ranges from
0.1to0 6.

3. (Per)haloethers having the following formulas:

CF3CF,0—CF,CF,—0—CHCl—CFCly;
CF30CF,0—CF,CF,—0—CFCl—CF,Cl;

CF;0CF,CF,0—CF,CF,—0—CFCl—CF,Cl;
CF;0CF,0CF,0—CF,CF,—0—CFCl—CF,Cl;

CF,0—CF,CF,—0—CHCI—CHFCI; CF,0—
CF,CF,—O—CHCI—CFCl,;

CF,CF,0—CF,CF,—O—CHCl—CHFCI;
CF,0CF,0—CF,CF,—O—CHCl—

CHFC ¢250CF,CF,0—CF,CF,—O—CHCl—

CHFC;
CF;0CF,0CF,0—CF,CF,—0—CHCl—CHFCI;
F(O)CCF,—O—CF,CF,—O—CFCl—CF,Cl;
F(O)CCF,—O—CF,CF,—O—CHCl—CHFCI;
F(O)CCF,—OCF,0—CF,CF,—0—CFCl—CF,Cl;
F(O)CCF,—OCF,0—CF,CF,—0—CHCl—CFCl,;

F(O)CCF,—OCF,CF,0—CF,CF,—0—CFCl—
CF,Cl;

F(O)CCF,—OCF,0CF,CF,0—CF,CF,—O—
CFCl—CF,Cl;

F(O)CCF,—OCF,CF,0CF,0—CF,CF,—O—
CFCl—CF,Cl;

CHFCICHCIO—CF,CF,—O—CF,CF,—0—
CHCl—CHEFCI;

CF,CICFCIO—CF,CFy—OCF,0—CF,CF,—O—
CFCl—CF,Cl;

CF,CICFCIO—CF,CF,—OCF,CF,0—CF,CF,—
O—CFCl—CF,Cl;

CF,CICFCIO—CF,CF,—OCF,0CF,CF,0—
CF,CF,—O—CFCl—CF,Cl;

CFCl,CHCIO—CF,CF,—0—CF,CF,—0O—CHCl—
CFCly;

CFCLCHCIO—CF,CF»—0OCF,0—CF,CFy—O—
CHCl—CFCl,;

CFCLCHCIO—CF,CFy—OCF,CF,0—CF,CFy—
O—CHCI—CFCly;

CFCLCHCIO—CF,CF,—0CF,0CF,CF,0—
CF,CF,—O—CHCl—CFCl,;

CF30—(CF,CF,0),,(CF>0),—CF,C(O)F;

CF3CF,0—(CF,CF,0),,(CF,0),—CF,C(O)F;

20

30

35

40

45

50

55

60

65

CF,CF,CF,0—(CF,CF,0),,(CF,0),—CF,C(O)F;
(CF3),CFO—(CF,CF,0),,(CF>0),—CF,C(O)F;

CF30—(CF,)CFO—(CF,CF,0),,(CF,0),—CF,C(0)

CF30—(CF,CF,0),,(CF,0),—CF,CF,0CH,CFj;

F(O)CCF,0—(CF,CF50),,(CF,0),—
CF,CF,OCH,CFy;

F3CCH,OCF,CF,0—(CF,CF50),,(CF,0),—
CF,CF,OCH,CFy;

CF30—(CF,CF,0),,(CF,0),—
CF,CF,OCH,CHFCOOMe;

F(O)CCF,0—(CF,CF,0),,(CF50),CF>—
CF,OCH,CHFCOOMe;

MeOCOCHFCH,OCF,CF,0—(CF,CF,0),,(CF,0)
,—CF,CF,OCH,CHFCOOMe;

CF30— (CF>CF0)(CF>0),—CF,CF,OCH— CHF

(0)C-0-C(0)
F(O)CCF>0 — (CF>CF0)y(CF,0) — CF>CF,0CH——CHF

(0)C—0—C(O)
FHC- = -CHOCF,CF20 = (CFaCF20)pn(CF20)y — CE,CF,0CH—CHF

(0)C-0-C(0) (0)C—0-C(0)

wherein: m/n=4.3 and the molecular weight of the perfluo-
rpolyether chain —(CF,CF,0),,(CF,0),— is 620.

4. (Per)haloethers according to claim 1, wherein X, X,
X5, X, are selected from the group consisting of: F, H, and Cl.

5. (Per)haloethers according to claim 1, wherein X,=F,
X,=Cl, X;=F, X =Cl.

6. (Per)haloethers according to claim 1, wherein X,=F,
X,=H, X,=F, and X ,=Cl.

7. (Per)haloethers according to claim 1, wherein X ,=X,=H
and X,=X,=Cl.

8. (Per)haloethers according to claim 1, wherein
X,=X;=X,=Cl and X,=H.

9. (Per)haloethers according to claim 1, wherein one of X,
or X,, and/or one of X; or X, is/are chosen from the follow-
ing groups: —COOR!,,, wherein R',, is C,-C, alkyl; —CN;
—NCO; —NCS; aryl, substituted with—NO, or non substi-
tuted; and —SO,F.

10. (Per)haloethers according to claim 1, wherein 3a) is
C,-Cs, linear or branched per(halo)fluorinated alkyl.

11. (Per)haloethers according to claim 1, wherein 3a) is
linear or branched (per)fiuoroalkyl.

12. (Per)haloethers according to claim 1, wherein 3b) is
C,-Cs, linear or branched per(halo)fluorinated oxyalkyl,
wherein when the alkyl is per(halo), there are one or more
atoms of Cl and/or Br.

13. (Per)haloethers according to claim 1, wherein 3b) is
linear or branched (per)fluorooxyalkyl.

14. (Per)haloethers according to claim 1, wherein 3a) and
3b) each contain one or more functional groups chosen from:
—COOR!,,, wherein R!,, is C,-C, alkyl; —OC(O)CH,;
—CN; —NCO; —NCS; aryl, substituted with—NO,, or non
substituted; —NH—C(O)—NH,; —OC(0),CH;, —P(0O),
(CeHs),, —P(0),(C4Hs),, or —SO,F, and/or from fluori-
nated or hydrogenated organic anhydrides chosen from the
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group of linear anhydrides of organic C, -C, mono-carboxylic
acids or cyclic anhydrides of C,-C, dicarboxylic acids.

15. (Per)haloethers according to claim 1, wherein 3a) and
3b) each contain one or more functional groups chosen from:
—COOR!,,, wherein R',, is C,-C, alkyl; —OC(O)CH,;
—CN; —NCO; —NCS; aryl, substituted with —NO, or non
substituted; —NH—C(O)—NH,; —OC(0),CH;, —P(O)
(CeHs),, —P(0),(C4Hs),, or —SO,F, and/or from fluori-
nated or hydrogenated cyclic anhydrides of C,-C, dicarboxy-
lic acids.

16. (Per)haloethers according to claim 1, wherein 3c) is
C,-C,, linear or branched alkyl, optionally containing one or
more functional groups, chosen from: COOR',,, wherein R',
is C,-C,; alkyl; —OC(O)CH;; —CN; —NCO; —NCS; aryl,
substituted with —NO, or non substituted; —NH—C(O)—
NH,; —OC(0),CH;  _peoycsts)z:  —P(O)x(CeHs)s.
—SO,F, and hydrogenated organic anhydrides chosen from
the group of linear anhydrides of organic C,-C, mono-car-
boxylic acids or cyclic anhydrides of C,-C, dicarboxylic

15

30

acids; wherein the remaining substituents of the group of X,
X5, X;, X,, independently each from the other, are F, H, Cl or
Br.

17. (Per)haloethers according to claim 1, wherein one of
X, or X,, together with one of X; or X, and the two carbon
atoms of the group -CX,X,-CFX,X, form cyclic fluorinated
or hydrogenated anhydride or imide compounds, containing
4 carbon atoms in the ring, wherein the remaining substitu-
ents between X, or X,, and between X; or X.,, have the
meanings as defined under 1).

18. (Per)haloethers according to claim 1, wherein X is
linear or branched C, -C; (per)fiuoroalkyl, wherein optionally
one fluorine atom is substituted with one chlorine atom.

19. (Per)haloethers according to claim 1, wherein when
L=1, Rf=R{f or Rf, the average molecular weight of Rf" is 70
to 3,000.

20. (Per)haloethers of claim 2, wherein when m and n
independently one from the other have a value of 0 to 20.

#* #* #* #* #*



